We analysed householders' access to improved water for drinking and other domestic uses in five selected low-income urban areas of Accra, Ghana using a survey of 1,500 households. Our definitions of improved water were different from those suggested by the World Health Organization (WHO). The results revealed that only 4.4% of the respondents had access to improved drinking water compared to 40.7% using the WHO definition. However, 88.7% of respondents had access to improved water for domestic uses compared to 98.3% using the WHO definition. Using logistic regression analysis, we established that the significant determinant of householders' access to improved drinking water was income. However, for access to improved water for other domestic uses, the significant factors were education, income and location of the household. Compared to migrants, indigenous people and people from mixed areas were less likely to have access to improved water for other domestic purposes. For the analysis using the WHO definitions, most of the independent variables were not statistically significant in determining householders' access, and those variables that were significant generated parameter estimates inconsistent with evidence from the literature and anecdotal evidence from officials of public health and water supply companies in Ghana.
It is the urban poor who normally have the least access to proper healthcare delivery services due to the high costs involved in accessing proper medical and health facilities (Nwaka ) . The urban poor also tend to suffer the extra burden of the increases in the cost of living, lower income earning potentials and riskier lives, especially the women and children (Bosch et al. ) . Many urban areas in Ghana continue to experience unprecedented growth, thereby creating problems related to limited and inadequate access to safe drinking water and water for other domestic uses. This unbalanced growth poses great danger to the health of residents especially among the urban poor who reside in informal dwellings that often lack proper water and sanitation facilities. More attention needs to be paid to ensure safe and quality water supplies to people especially those in low-income urban areas.
The main objective of the present study was to determine the factors influencing householders' access to improved water in selected low-income urban areas of Accra, the capital city of Ghana. The specific objectives were to determine the level of access to improved water for drinking and other domestic uses and to determine the factors influencing householders' access to improved water in the selected low-income areas of Accra. We were particularly concerned with defining improved water for drinking and other domestic uses, with emphasis on its quality aspects in line with the perceptions of various segments of the Ghanaian population, as ascertained from various experts working directly in the areas of provision of water supply services, health personnel dealing with water-borne diseases and producers of official statistics, such as the Ghana Statistical Service. The frequent occurrences of water-borne diseases, such as cholera and typhoid, in Ghana have made the segments of the population classified as middle and upper classes more conscious of the quality of water including pipe-borne water distributed to homes.
These definitions were often in conflict with those suggested by WHO, due to the perceptions of the quality of water received by households.
LITERATURE REVIEW Access to improved water
The importance of water cannot be overemphasized as it is used for many purposes such as domestic household chores, drinking and for non-domestic purposes. The 1977 Mar Del Plata Action Plan adopted by the UN General Assembly enshrines access to water as an essential human right. This human right relating to water includes having access to drinking water of adequate quality and quantity. Exclusion of anyone from access to improved drinking water due to poverty or place of habitation is a violation of their human rights (Grönwall ) .
According to the United Nations Development Programme (UNDP ), a person not having access to at least 20 litres of clean water each day has his or her blem that has hindered their ability to cater for the water and sanitation services is the rapid increase in the numbers of people in urban areas, which has led to deepening of the poverty situation in many cities (Kurian & McCarney ) . Thompson et al. () , as cited in Mudege & Zulu () , posit that the reduction in access to safe drinking water is partly attributed to the increasing pressure on the relatively few available facilities. In Kenya, for instance, there has been a continuous decrease in access to quality water. The ratio of piped to un-piped households has decreased from about 8:1 in 1967 to 2.6:1 in 2005 due to pressure on piped water facilities in municipalities. The study further reveals that the problem with access is not just because of scarcity but also due to its unequal distribution and the marginalization of people in informal areas and settlement in development plans.
In a focus-group discussion study conducted in four informal settlements in Nairobi, Kenya by Amuyunzu-Nyamongo & Taffa (), it was found that not only did community members have to travel long distances to collect water, some of the landlords in the community contributed to limiting their access to water as these landlords rationed water, such that it was only available on specific days of the week and at specific times. Also, the study found that the costs of water paid by residents without piped connections were higher than those paid by households with piped water paid.
Improved water sources are those that are designed such that they are devoid of any contamination, especially from faecal matter (Osman & Khan ) . The WHO defines improved sources of drinking water to include water piped in homes, piped into a yard, piped into a neighbour's house, rainwater, boreholes and wells. However, water from boreholes, wells and rivers is more often than not contaminated with pollutants, such as bacteria, faecal matter and chemicals, hence should rather be considered as unimproved sources (Obeng-Odoom ).
In both urban and peri-urban areas of Ghana, a common observation is that relatively rich people have constructed their houses near piped water delivery networks of the government-owned Ghana Water Company (GWC) allowing them direct access to subsidized piped water from GWC. Rural villages and poorer urban communities are often served by the government through the Community Water and Sanitation Boards, which charges residents of these poor communities several times the rate of water delivery to affluent areas serviced by GWC. Thus, from January to September 2013 at AyiMensah, a very poor suburb of Accra, residents paid about 2.75 Ghana cedis per kilolitre of water accessed through the Kweiman-Danfa Community Water Board. This was in contrast to the payment of 0.85
Ghana cedis per kilolitre paid by affluent and middle-class customers of GWC living in Adenta Municipality which is about 5 km from AyiMensah.
Limiting access to water to mean only coverage is not sufficient to reflect the true picture of Ghana's situation.
Rather, access to water should be looked at by considering the quality of water and reliability of the supply of quality water. Quality should ensure that the drinking water is safe, such that there are no pollutants or chemicals in it, while reliability considers regular flow of water. According to a survey by the World Bank in 2010, about 46% of households in Ghana with a piped water connection rarely had their pipes flowing while about 5% of these households had never had piped water (Obeng-Odoom ).
Determinants of householders' access to improved water

Income
Smith & Hanson () established that household income is one of the main determinants of access to water and sanitation facilities. From their study conducted in Cape Town, South Africa, households with lower incomes (below 800 rands) have limited opportunities to improve their water and sanitation conditions. Similarly, UNICEF estimates that households in the lowest wealth quintile are 5.5 times more likely to lack improved water access and 3.3 times more likely to lack adequate sanitation, compared with households in the highest wealth quintile in the same country. The burden of poor access is normally borne by women and children. This is because they are normally responsible for the majority of water collection.
Bosch et al. () also indicated income levels of households as among the factors that determine their access to water and sanitation facilities and services. This is because, the low-income groups are hardly able to afford high connection fees to piped water and hence limit their connectivity. Also, while the higher income groups can afford to buy more and are also able to afford private alternatives in times of shortages, these may be too expensive for the urban poor as they are barely able to meet the three basic needs (food, water and shelter). In Ghana, lowincome communities who depend on public piped water receive less water and face greater shortages than highincome communities because of the higher income communities' greater purchasing power (Stephens () , as cited in Howard & Bartram () ).
Another determinant of access to water is related to how equitably the facility is distributed. Even though there could be a general increase in access to water, there is normally inequitable distribution as distribution of piped water normally tends to favour high-income neighbourhoods to the detriment of poor neighbourhoods. According to the Ghana Statistical Service (), about 43% of households in the highest income quintile classification have piped water connections as compared to only 18.5% of households in the lowest income quintile classification (Obeng-Odoom ).
Location and distance
As pointed out earlier, urban households in slums or informal areas are more likely to have limited connectivity to piped water partly due to the haphazard nature of their settlements. More often than not the water and sanitation needs of poor urban communities are hardly incorporated into urban and regional planning (Bosch et al. ) . Franceys & Gerlach () indicate that though most of the urban poor are housed in slums, many such areas are often denied access or face cumbersome administrative procedures when it comes to connecting them to official water sources partly because of lack of security guarantees for land and pipelines as well as the problems of affordability.
Though utility prices are cheaper for those connected to the water systems, most of the poor are denied access because they lack formal property rights to where they live. Their places of residence serve as a barrier to getting access to these facilities because of undeveloped infrastructure networks. For example, in some places road accessibility is poor and this implies difficulties in the removal of waste. Hence, it becomes very difficult for households in these areas to get connected to these services (UNDP ).
In a review conducted by Howard & Bartram (), it was revealed that distance is a crucial factor in determining access to water and sanitation facilities. The further away the source of water is to a household, the less water is consumed. In areas where people walk for more than 1 kilometre or spend more than 30 minutes for collection of water, the per capita water use drops to about 5 to 10 litres per day. At that level of service, it becomes very difficult to meet adequate hygienic standards. This notwithstanding, in the urban areas, a major deterrent factor may be time taken to get water and not the distance, as more people are most likely to reduce consumption of water if they have to walk shorter distances but have to queue for longer hours to draw the water (Bosch et al. ).
Cairncross & Cuff (), as cited by Osman & Khan
(), also suggest that the amount of time involved in getting water is probably more important than the distance covered to the water source as a determinant of access to water. This is because there are some areas where scarcity of water is so severe that it takes longer to obtain water than to reach the water source. For example, in a study conducted in Mueda in Mozambique, women spend about 2 hours getting to a water source and about 3 hours queuing for the water due to the relative scarcity of available water (Cairncross & Cuff ) . Ako et al. () confirmed that the further away a water source is from a household, the more time is spent in sourcing water. When householders have to travel for about 3-30 min to get drinking water, then they are able to meet their daily requirements of about 15-25 litres per person per day. However, they tend to compromise on drinking water if they have to spend beyond 30 min to get access to the water. In Lesotho, it was revealed that about 25% of households spend about 2.5 hours in collecting water while the majority of households in East Africa and North Cameroon spend close to 5 hours and 6 hours, respectively, per day collecting water for household needs. Emphasizing the issue of location as a determinant, Bartlett () indicates that in Burkina Faso mothers with piped water within their homes are three times more likely to practise safe hygiene as compared to those whose sources of water are outside their compounds. Similarly in urban Brazil, householders who resort to using public standpipes were five times more likely to experience infant death than households with water piped to their homes.
Studies by
Hygiene levels maintained by households are sensitive to the service level. Households with water piped into their homes tend to use more water for personal hygiene while those who resort to using water sources outside their homes, use smaller quantities for personal hygiene. For example, in studies conducted in Tanzania, Kenya and Uganda, households with piped water connections within their homes use about 16.3 litres per capita for washing dishes and clothes and 17.4 litres per capita for bathing, while those whose sources of water are outside homes use an average of 6.6 litres per capita for washing dishes and clothes and 7.3 litres per capita for bathing (Howard & Bartram ) . Giles & Brown () also state that those with a piped water supply and proper installation demand far more water than those without piped connections to their homes.
In a study by Mercado & Kjellstorm () to determine the social determinants of health equity in urban settings, it was shown that the burden of inadequacy of water and sanitation is borne by women and children. Apart from the fact that most of them without toilet facilities in their households have to travel great distances to relieve themselves, they also delay their sanitary needs during the daytime until night due to modesty and unavailability of water. According to Bartlett (), the further children have to travel to search for water, the more calories they burn and hence have less energy to undertake other activities in the homes. Further, they are made to carry heavy containers in order to get more water. These can cause some physical deformities and affect the growth of their bones. Jain & Singh () indicate that, with regard to women, the more time spent in search and collection of water, the less time is available to cater for other domestic needs such as cooking, caring for children and pursuit of other income-earning activities.
Education
Apart from location and distance, educational achievement also determines one's access to improved water. Lack of or inadequate level of educational achievement serves as a great barrier to empowerment. The lower the educational achievement of an individual, the more they have limited opportunities to demand better facilities from the authorities as he or she is powerless (Bosch et al. ) . Lack of or inadequate water and sanitation facilities also tend to affect the education of children, especially girls, as the burden of water collection is borne by them. More often than not, the number of hours spent in collecting the water interferes with their school attendance. Schools with poor sanitary and toilet facilities further discourage children, especially girls, from going to school regularly, which consequently affects their performance and perpetuates the vicious cycle of illiteracy and poverty (Bartlett ) .
Health effects of use of unimproved water
The goals of human development as indicated by improved education and health access rely mainly on sufficient improvement in the access to sufficient quality water and sanitation services. According to Brenneman & Kerf () , there is a strong relationship between improvement in water and sanitation infrastructure and health outcomes.
Their findings indicate that improvement in these infrastructures leads to a significant reduction in water-and sanitation-related diseases among many households. In situations where there is lack of access to water, sewage or solid waste management systems, there tends to be severe effects on the health of the population and the health costs in dealing with these impacts are huge and contribute to the Rationale for the definitions of improved water sources used in this study
The literature review reported in this paper basically asserts that piped water is necessarily improved and hence its consumption will result in healthy outcomes. In this study, we stress the quality aspects of water available to householders and suggest that the patterns of choice of nition that we used for improved water for other domestic uses, such as cooking and bathing, is not stringent given the common practice of boiling water for bathing and also for cooking which greatly reduces the impact of pathogens.
METHODOLOGY
Study area
The survey which formed the basis of this study was carried out in five localities in the Greater Accra region namely:
Nima, Accra New Town, La, James Town and Bubuashie.
Nima and Accra New Town are places settled by people not originally from Accra, that is these people are mainly migrant or first-generation migrants. They come from several ethnic groups, with those from the three northern 
Survey procedures and administration
The data for this study were obtained from the Fourth and among households, it cannot provide information on absolute levels of poverty within a community. It, however, reflects significant differences in income levels since the stock of assets for households is highly related to income status of household members. The index was divided into five socio-economic status groups (income groups) for analysis.
Analysis of survey data
The survey data were analysed with the Statistical Package for Social Sciences (SPSS) using simple frequency and descriptive analysis to summarise the important socio-economic features of the sampled respondents. Logistic regression analysis was also employed using SPSS to establish the significant factors influencing the likelihood of households having access to improved water for drinking and improved water for other uses.
The sources of water considered as improved according to this study are water piped into dwellings and bottled water. However, according to WHO () and the WHO/UNICEF Joint Monitoring Programme for Water Supply & Sanitation (), sources of water considered as improved include water piped into dwellings, water piped into compounds/yards/plots, water piped into a neighbour's property, protected wells, protected springs, boreholes and public standpipes. Our study limits improved water sources to piped water into dwellings and bottled water.
Water produced at the plant of the Ghana Water Company is generally considered to be excellent and in line with international standards. However, extensive leakages and damages to the pipelines linking homes lead to contamination of the end source water, often with water from adjacent gutters near pipelines. Thus in Accra, water purifiers are regularly purchased by affluent households and hotels to further process piped water before drinking.
For our study, unimproved water sources for drinking are water piped into compounds/yards/plots or into a neighbour's property, sachet water, rivers/streams, dams/lakes/ ponds/canals, tanker trucks, springs, rainwater, carts with small tank/drum, public taps and boreholes. Unimproved water sources for drinking according to WHO are sachet water, tanker trucks, carts with a small tank/drum, bottled water, rainwater, unprotected wells and springs.
For our study, the sources of water considered as improved for other domestic purposes are water piped into dwellings, into compounds/yards/plots and into a neighbour's property and rainwater. We chose these sources of improved water as most households boil water for cooking and even for bathing in Ghana. Improved water sources for other domestic purposes suggested by WHO are water piped into dwelling, into compounds/yards/plots and into a neighbour's property, public taps or standpipes, boreholes, protected wells and springs, and rainwater.
Unimproved water for other purposes as defined by the study includes sachet water, rivers/streams, dams/lakes/ ponds/canals, tanker trucks, springs, rainwater, carts with a small tank/drum, public taps and boreholes. Based on the WHO definition, unimproved water for other purposes includes dams/lakes/ponds/canals, tanker trucks, springs, rainwater and carts with a small tank/drum. Several socio-economic characteristics influence the likelihood of households having access to improved water.
These variables have been discussed in the literature review. The important socio-economic characteristics that we consider in our study are gender, income, educational achievement, religion and locality of residence of respondents. These variables are used as independent variables in a logistic regression model to estimate factors influencing the likelihood of households using improved water for drinking and improved water for other domestic uses.
Description of the binary logistic regression analysis
A binary logistic regression analysis was undertaken to determine socio-economic characteristics that significantly influenced access of households to improved sources of drinking water and water for other domestic purposes. The general logistic regression model is stated below.
ACCESS was a dummy variable with 1 representing householders having access to improved water and 0 for those with access to only unimproved water sources. Separate models were estimated for improved drinking water and improved water for other domestic uses.
HINCOME was the wealth group index of respondents with higher numbers indicating higher wealth. There were five groups, 1, 2, 3, 4 and 5.
EDUCATION was the level of educational achievement of the respondent.
RELIGION was a dummy variable used for religious affiliation of the respondents with followers of Islam designated as 1 and non-Muslims as 0.
GENDER was the sex of the respondent. 
RESULTS AND DISCUSSION
Background information on respondents
Based on the frequency analysis, the majority of the respondents were males constituting about 65.7% of the sample.
Females constituted the other 34.3% (Table 1) The highest educational level achieved by the majority of the respondents was the middle or junior high school constituting about 38.1% of the respondents, followed by those who completed secondary school and above representing about 36.6%, while those who completed primary level accounted for 10.1%. About 15.1% of the total respondents had received no formal education. Therefore about five out of six of the respondents (85%) were literate in terms of receiving some formal education.
In the five poor urban localities considered for the study, the largest portion of the respondents (32%) were based in La, an indigenous town, and 26% of the respondents lived in Nima, primarily a migrant area. Accra New Town (predominantly migrant) and Bubuashie (mixed) were home to 21 and 16%, respectively. James Town, a largely indigenous community, had about 5% of the respondents as shown in Table 1 . In terms of wealth status, the poorest group was the most dominant accounting for almost one-quarter of the respondents (22.4%). The middle or the third poorest group was the second most dominant of the groups classified by wealth status.
Sources of water for drinking
The sources of water for drinking are reported in Table 2. The main source of water for drinking was the sachet water used by about 59% of the sample. Sachet water consisted of two types, either (1) manufactured in a proper factory certified by government regulators or (2) packaged by informal vendors often using impure water. The study did not directly incorporate the type of sachet water used by the respondents. Overall, about 39.3% of the respondents used pipe-borne water for drinking delivered through this study, the proportion of the respondents using improved water for drinking was 4.4%, made up of 1.1% of respondents using bottled water and 3.3% with access to piped water in their dwellings (Table 2) . Therefore our study concluded that the remaining 95.6% of the respondents used unimproved water for drinking.
Using the WHO definition of sources (see section on 'Analysis of survey data'), the proportion of respondents with access to improved drinking water was 39.6%. The remaining 60.4% of the respondents used unimproved water for drinking.
Sources of water for other domestic purposes
Based on the definition used in this study (see section on 'Analysis of survey data'), the proportion of the respondents using improved water for other domestic purposes was 88.7% (Table 3 ). The two most important sources of water used by respondents were water piped into a neighbour's property (40.7%) and water piped into compounds/yards/ plots (39%); both were considered to be improved sources of water in our study.
Using the WHO definition (see section on 'Analysis of survey data'), the proportion of respondents with access to improved water for other domestic uses was 98.3%. The remaining 1.7% of the respondents used unimproved water for other domestic purposes (Table 3) .
Other aspects of water access and availability
With respect to the location of water source, the vast majority of respondents (91%) had to travel outside their homes to fetch water while only 4% of the respondents had water sources in their dwelling. The other 5% of households had water within their own yards or plots. Of the 91% of respondents who travelled elsewhere to fetch water, the majority (60.2%) spent about 1-5 min getting to a water source, while 16.2 and 21.3% spent about 6-10 min and 11-30 min, respectively, getting to water. Overall, the vast majority of the respondents who travelled outside their homes to fetch water (97.7%) took a maximum of 30 min to collect the water. With regard to persons who collected water for household use, adult women aged 15 years and above constituted the largest group of people collecting water (48.9%). The second largest group was made up of adult men aged between 15 years and above (34%). Children, defined as people less than 15 years of age, made up 12% of the respondents who collected water, with girls accounting for a larger share of this group of water collectors (8.5%) than boys (3.5%). 
Discussion of results of logistic regression analysis of factors influencing householders' access to improved water
According to the logistic regression analysis of factors influencing access to improved drinking water sources, only income (wealth) was statistically significant (5% level of significance) in determining an individual's level of access to improved sources of water for drinking (Table 4 ). This means that as an individual's level of income increases, he or she is likely to have access to improved sources of water for drinking because he or she has a higher purchasing power. This assertion is supported by Bosch et al.
() who posit that the higher income groups can afford to buy more and are also able to afford private alternatives in times of shortages compared to the urban poor.
According to the logistic regression analysis of factors influencing access to improved sources of water for other domestic uses, both education and wealth were significant in positively influencing access to improved water by householders (Table 5 ). This implied that as educational and wealth status of household heads' increased, there was a higher likelihood that they would have access to improved water sources to meet their domestic household chores such as cooking and bathing.
Both locality variables were also statistically significant in influencing householders' access to water for other domestic purposes. This result must be interpreted with respect to the base locality variable, migrant locality status,
implying that compared to migrants, indigenes and people from mixed areas were less likely to have access to improved sources of water for other domestic purposes. The power of the model is high as the percentage correctly classified was 95.6%. For the logistic regression results dealing with improved water for other domestic uses, the results indicated that none of the six independent variables was statistically significant in influencing the likelihood of use of improved water (Table 7) . Compared to the results based on the definitions used in our study, which had as many as four statistically significant independent variables (see Table 5 ), the WHO definitions could be seen to be invalid for the area of the study.
Discussion
CONCLUSIONS
We analysed householders' access to improved water for drinking and other domestic uses in five selected lowincome urban areas of Accra, Ghana using a survey of 1,500
households. Our definitions of improved water were different from those suggested by the WHO. The power of the model is high as the percentage correctly classified was 64.9%. The power of the model is high as the percentage correctly classified was 98.2%.
Locality2 was not admissible in the model due to high multicollinearity with one or more of the other independent variables. captured in health outcomes and can also be related to civil conflicts in urban areas. Based on our study, which is one of the largest surveys conducted in low-income urban areas in Ghana on access to water, we have established the factors influencing access to improved water using definitions that are consistent with the preferences of the population as revealed by the various population and housing censuses in Ghana including the latest census conducted in 2010.
In order to combat and eliminate the regular epidemics of cholera and other water-borne diseases, such as typhoid, in urban areas of Africa like Accra, we need to emphasize quality control issues related to the production and availability of drinking water and water for other domestic uses. As indicated in our study, the quality of the pipeborne water can be treated as suspicious if there is contamination along the pipeline system due to factors such as breakages and leakages resulting from underground and subsurface construction activities common in low-income urban areas that experience unplanned housing development. So while high-income people may choose to use the pipe-borne water for cooking, they do not use it for drinking.
The contamination of pipe-borne water due to the breakages in the system which allow many items and impure water effluents to mix with the treated water (originally produced at government-owned water works) may partly explain the regular epidemics of water-borne diseases often originating from low-income areas of Accra.
Our study shows that, based on more acceptable definitions of improved water, much of the population of the low-income areas in the study areas do not have access to improved water for drinking. However, given the fact that water is boiled for cooking, middle-class consumer preferences are tilted towards using pipe-borne water for domestic uses such as cooking and factory-based sachet water and bottled water for drinking. Therefore, the issue of access to water in low-income areas cannot be seen only in terms of the quantity of water supplied but also the quality of the water being used by these people. The quality of water issue needs government intervention through regular quality control testing of water used by poor householders and regular repair and maintenance of pipelines carrying water to homes and collection points.
A limitation of our study is the focus of the data on only low-income areas of a large urban area. The results that we obtained may be different from studies that combine data from low-income urban areas with data from other segments of the country. Future research work could extend the analysis by combining data from urban and rural areas and also data from low-income and high-income areas. Further, future research could extend the statistical analysis from the simple binary logistic regression analysis to multinomial logistic regression analysis. The latter technique can allow for the classification of water sources into at least three groups: (1) unimproved, (2) semi-improved and (3) improved. This classification can then allow for the designation of piped water sources that have a high probability of pollutant contamination due to breakages in the pipeline system as semi-improved rather than the unimproved designation that we use in our study.
